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Frame for Electrolyser Module and Electrolyser Module and Electrolyser 

Incorporating Same 

Field of the invention 

The present invention concerns electrolysers and in particular frames that may be 
5 connected together to form electrolyser modules and electrolysers. 

Background of the invention 

Electrolysers of the filter-press type comprise a so-called electrolyser module and a 
number of peripheric components such as degassing chambers, a water supply unit 
and possibly a transformer/rectifier and the necessary piping to connect the various 

10 parts of the electrolyser. An electrolyser module comprises a series of stacked 
electrolysis chambers, alternately cathodic and anodic. Each chamber holds either one 
or more anodes or cathodes. The electrolysis chambers are separated from one another 
by selectively permeable membranes or diaphragms. A combination of a cathodic and 
an anodic chamber form an electrolysis unit cell. In each chamber, the electrodes are 

15 mounted vertically, preferably in close contact with the membranes. This can be 
accomplished, for example, by pressing the membrane between the electrodes. In 
preferred executions, perforated electrodes are used. Membranes that are particularly 
suited for this purpose have been described in EP-A-0 232 923. 

The electrolysis chambers are held together by a frame, which forms the outer wall of 
20 the electrolyser and may take a variety of shapes, e.g. polygonal such as square, 
rectangular, or circular. In the last-mentioned instance the frame is in fact ring or 
cylinder shaped. The separating membrane is fixed to the frame together with the 
electrodes. The frames are made of a material that is inert to the electrolyte and can be 
made for example of metal, covered by a suitable non-conducting layer, or can be 
25 made of a suitable inert non-conducting material such as a synthetic, preferably 
polymeric material. A frame made of metal covered by a flexible vulcanizable 
material is known from WO-97/00979. 
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A single holding frame from a unit cell has a central opening, which forms the interior 
of an electrolysis chamber. Typically this opening is circular although it may also have 
other shapes. The size and shape of this central opening as well as any other openings 
is the same in all holding frames of the electrolyser module. A holding frame usually 
5 also has one or two circular openings for the electrolyte (which may be an aqueous 
potassium hydroxide solution) and one opening for the produced gas to escape. The 
frames are arranged in such manner that the openings are adjacent to one another thus 
forming a conduit. 

The active cell area is defined as the area, which is exposed to the electrolyte liquid 
10 held in the anodic or cathodic chamber. The active cell area is determined by the size 
of the central opening of the holding frames. 

In each electrolysis chamber the electrodes have to be linked by a suitable conductor. 
In particular embodiments this can be accomplished by contacting the electrode with a 
metal woven sheet, which in turn is contacted with a metal plate that is mounted in the 
1 5 frame, said plate being referred to in the art as the bipolar plate. 

The electrolyser module therefore is composed of unit cells put electrically in series 
and hydraulically in parallel through the above mentioned frames and are tied together 
using tie-rods. 

The gas that is generated is led to a degassing chamber, which mainly functions as a 
20 gas/liquid separator, for example based on the decantation principle, which is 
mounted on top of the electrolyser module. The degassing chambers typically are 
cylinder type vessels that are physically separated from the cell stack, where the gas is 
collected and separated off the electrolyte entrained with the gas. They can be 
positioned in parallel as well as perpendicular to the electrolyser module. 

25 The de-gassed electrolyte is recycled back to the electrolysis chambers and the gas that 
is collected can be pressurized and stored in suitable pressure tanks. 

The electrolysis chambers may be connected to outer tubes leading to or coming from 
the de-gassing chamber for respectively the circulation of the generated gasses or of 
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electrolyte. Or the electrolysis chamber holding frames may have suitable conduits at 
their top side and at their bottom side. The top conduit is meant to evacuate the gas- 
electrolyte mixture that is generated during electrolysis and the bottom conduit allows 
the entrance of water or electrolyte. 

5 The gas-electrolyte mixture that is generated is pumped through the upper conduit to a 
tube leading to the de-gassing unit from which the de-gassed electrolyte is pumped 
back to the bottom conduit in the frame from which it enters the electrolysis 
chambers. 

Filter-press electrolysers have been described in EP-A-1 37,836 and in EP- A-56,759. 

10 US 5,139,635 for example describes gas electrolysers of the filter-press type 
comprising a vertical stack of electrolysis chambers connected to a degassing 
chamber. 

EP 1133586 describes a high pressure electrolyser module having frames of special 
design that allow the electrolyser module to function at high pressure thus avoiding an 
15 additional gas-compression step so that the formed gas can be directly stored. 

Hence the art-known gas electrolysers of the filter-press type are quite large and 
complex arrangements involving several peripheral items such as pumps, tanks and 
piping, and therefore comprise a multitude of moving parts, requiring supervision, 
checking and maintenance. Thus, a more simplified and compact arrangement with no 
20 or fewer moving parts would be a desirable goal to achieve in that it would require 
almost no or limited maintenance. 

The compact electrolysers according to the present invention are aimed at avoiding 
moving parts and at the same time allowing the elimination of peripheral equipment 
resulting in a more simplified arrangement of the electrolyser, requiring less 
25 supervision and maintenance. 

In the present invention, one holding frame includes the gas/liquid separator as well as 
the active unit cell area. The latter offers not only great economic advantage with 
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respect to reduced manufacturing as well as material costs, but moreover results in a 
substantially more compact overall electrolysis module. 

Summary of the Invention 

Thus in one aspect the present invention concerns a holding frame for an electrolyser 
5 module, said frame having an opening that forms an electrolysis chamber, 
characterized in that the frames have one or more additional openings that form one or 
more degassing chambers, wherein the gas that is generated is collected and allowed 
to separate into a liquid and gas phase. 

The said additional openings in fact form one or more internal degassing chambers, 
10 allowing a more compact and simple design of the electrolyser module. 

In preferred embodiments, the holding frame additionally has one or more openings 
that form conduits for the supply of electrolyte and water 

In preferred embodiments, the holding frame has two additional openings that form 
conduits for the removal of the gasses that are separated off in the internal degassing 
15 chambers. 

In a further aspect, the present invention concerns an electrolyser module comprising a 
series of stacked electrolysis chambers and each chamber being held within two 
holding frames, wherein the frames are as described in this specification and claims. 

The electrolyser may function as a low pressure or as a high pressure electrolyser 
20 module. 

Thus in a further aspect, the present invention concerns a ring-shaped holding frame 
for a high pressure electrolyser module, said frame having one or more openings that 
form conduits for the supply of electrolyte said frames having openings that form 
conduits for the supply of electrolyte and water, wherein (1) the connecting surface of 
25 the ring-shaped frame has one or more elevations and/or one or more depressions in 
such manner that an elevation of a ring fits in a depression of a neighboring ring; (2) a 
gasket is placed in between said elevation in a particular ring and said depression of a 



WO 2005/049894 



PCT/EP2004/012354 



-5- 

neighboring ring; (3) the distance between the rim of said conduit and the outer wall 
of the opening forming the gas or electrolyte conduit, and the outer wall of the ring- 
shaped frame is such that the material can endure a pressure gradient of at least 200 
bar and characterized in that the frames have one or more additional openings that 
5 form one or more degassing chambers, wherein the gas that is generated is collected 
and allowed to separate into a liquid and gas phase. 

The present invention furthermore concerns a high pressure electrolyser module 
comprising a series of stacked electrolysis chambers and each chamber being held 
within two ring-shaped holding frames, wherein the frames are as described in this 
1 0 specification and claims. 

Thus in a further aspect there is provided a high pressure electrolyser module 
comprising a series of stacked electrolysis chambers and each chamber being held 
within two ring-shaped holding frames, said frames having openings that form 
conduits for the supply of electrolyte and the removal of gas that is generated, wherein 

15 (1) the connecting surface of the ring-shaped frame has one or more elevations and/or 
one or more depressions in such manner that an elevation of a ring fits in a depression 
of a neighboring ring; (2) a gasket is placed in between said elevation in a particular 
ring and said depression of a neighboring ring; (3) the distance between the rim of 
said conduit and the outer wall of the opening forming the gas or electrolyte conduit, 

20 and the outer wall of the ring- shaped frame is such that the material can endure a 
pressure gradient of at least 200 bar and characterized in that the frames have one or 
more additional openings that form one or more degassing chambers, wherein the gas 
that is generated is collected and allowed to separate into a liquid and gas phase. 

Thus in this further aspect the invention provides an electrolyser which functions 
25 under high pressure thus yielding gasses that are under increased pressure and that can 
be stored directly, without the extra step of compressing. 

In a further aspect, the high pressure electrolysers according to the present invention 
allow circulation of the electrolyte in the electrolyser and the internal degassing 
chamber by spontaneous convection, i.e. without pumping. 
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In still a further aspect, the high pressure electrolysers of the invention are provided 
with a supply system to replace the water that is consumed during the course of the 
electrolysis with minimal moving parts using the pressure of the gas that is liberated 
in the high pressure electrolyser module as driving force. 

5 In addition to the above-mentioned advantages, the high pressure electrolyser modules 
of the invention can be allowed to cool to room temperature when they are not 
functioning. Art-known electrolysers typically function at elevated temperatures, e.g. 
at 70°C, and show leakage when allowed to cool. Consequently, even when out of 
function, they have to be kept at this elevated temperature. 

10 In a further aspect the invention concerns an electrolyser comprising an electrolyser 
module as described herein. 

In a further aspect the invention concerns a frame for an electrolyser module 
comprising: 

(a) a body; 

15 (b) at least one electrolyser chamber opening defined in said body; 

(c) at least one degassing chamber opening defined in said body; and 

(d) at least one separated gas opening defined in said body to facilitate 
removal of gas separated from the gas and liquid mixture disposed in 
said at least one degassing chamber. 

20 In a further aspect the invention concerns a frame for an electrolyser module 
comprising: 



(e) 
(f) 
(g) 



a body; 

at least one electrolyser chamber opening defined in said body; 
at least one degassing chamber opening defined in said body; and 
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(h) at least one separated gas opening defined in said body to facilitate 
removal of gas separated from the gas and liquid mixture disposed in 
said at least one degassing chamber. 

In a further aspect the invention concerns a frame for an electrolysis module, said 
5 frame comprising: 

(i) a unitary body having a rounded peripheral shape; 

0) at least one electrolysis chamber opening defined in said body; and 

(k) at least one degassing chamber opening defined in said body, said 
degassing chamber opening having a rounded shape. 

10 In a further aspect the invention concerns a frame for an electrolysis module, said 
frame comprising: 

(1) a unitary body; 

(m) at least one electrolysis chamber opening defined in said body, said 
electrolysis chamber opening having a rounded shape; and 

15 (n) at least one degassing chamber opening defined in said body, said 

degassing chamber opening having a rounded shape. 

In a further aspect the invention concerns an electrolyser module comprising: 

(o) a plurality of frames arranged together to form at least one electrolyser 
chamber and at least one degassing chamber, said degassing chamber 
20 having a rounded shape. 

In a further aspect the invention concerns a holding frame for an electrolyser module, 
said frame having an opening that forms an electrolysis chamber, characterized in that 
the frames have one or more additional openings that form one or more degassing 
chambers, wherein the gas that is generated is collected and allowed to separate into a 
25 liquid and gas phase. 
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Detailed Description of the Invention 

The electrolysis chambers in the electrolyser modules according to the invention 
contain one or more, preferably two electrodes placed vertically in the chamber. The 
electrodes are made of art-known materials that are inert to the electrolyte. The 
5 chambers are separated by a semi-permeable membrane or diaphragm and where two 
electrodes per chamber are used, the electrodes are preferably pressed against the 
membrane or diaphragm and connected by a suitable conductor. In a preferred 
arrangement, a bipolar plate is placed between the two electrodes and electric contact 
is made by placing two metallic woven sheets between each electrode. 

10 The various parts of each electrolysis chamber are held in a frame, i.e. the 'holding 
frame', which also forms the outer wall of the electrolysis chamber. As mentioned 
above, the holding frame may have various shapes, but preferably has a flat cylindrical 
(or ring) shape. In high pressure electrolyser modules, the holding frame is preferably 
ring shaped. 

15 The electrolysis chambers are placed next to one another forming a stack of 
electrolysis chambers. Typically this stack is held together between two flanges, 
preferably made of metal, mounted at each side of the stack. The flanges are held 
together with several tie rods placed at the outside of the electrolyser module and 
linking the flanges fitted with bolds to turn tight to press the electrolysis chambers 

20 together. 

The gasses that are generated in the electrolyser module contain electrolyte and 
typically a gas/electrolyte mixture is generated in the module that needs to be 
separated in a liquid and a gas phase. Therefore this mixture is led to degassing 
chambers where gas and electrolyte are separated. The degassing chambers in the 
25 electrolyser modules of the invention are positioned within the electrolyser module. 

As used herein, the term 'gas that is generated' and similar terms, when used in 
relation to gas that is generated in the electrolyser module until it is separated in the 
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internal degassing chambers, is meant to comprise the afore mentioned gas/electrolyte 
mixture. 

The holding frames touch one another and the portion of the surface of the frames that 
is in contact with a neighboring frame is referred to as a connecting surface. The latter 
5 preferably is located at the portion of the frame close or next to the outer rim of the 
holding frame and is not interrupted. Where the holding frame is circular, e.g. ring- 
shaped the connecting surface usually is also circular, e.g. ring shaped. The term 
'connecting surface* as used herein refers to the surface of the ring by which a 
particular ring-shaped frame is connected with a neighboring ring. 

10 The connecting surface may be flat or, which is preferred, in particular in the instance 
of high pressure electrolyser modules, may have one or more elevations and/or 
depressions. The elevations and depressions may be of various shapes, for example 
block-shaped (i.e. square or rectangular) or triangular. The latter shape is preferred in 
particular in high pressure applications. 

The elevation or elevations and/or depression or depressions are preferably positioned 
close to the outer rim of the holding frame. They may be positioned in a concentric 
manner, whereas a neighboring holding frame may contain one or more equal-sized 
and shaped depressions so that an elevation fits into a depression of a neighboring 
ring. Or a particular holding frame may have, at the connecting surface, one or more 
elevations and at the other surface one or more depressions. In another embodiment, a 
connecting surface may contain as well one or more elevations as depressions. 

In particularly preferred embodiments, in particular those for functioning under high 
pressure, the connecting surface of the ring-shaped frame has a series of small 
elevations and depressions giving the surface a milled aspect, the elevations and 
25 depressions having a triangular shape, whereby a cross-section of the surface has a 
saw-tooth aspect. The distance between each elevation (and hence between each 
depression) may vary, for example it may be in the range of 0.5 to 3 mm, e.g. about 1 
mm, and the distance between the top of an elevation and the bottom of a depression 
may vary too, for example it may be in the range high of 0.5 to 3 mm. In the holding 
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frames for high pressure applications, the distance between each elevation (and hence 
between each depression) and the distance between the top of an elevation and the 
bottom of a depression will preferably be in these ranges. 

Preferably, a gasket is placed in order to assure a better contact between the frames, 
5 reassuring a liquid and gas-tight connection between two holding frames. The gasket 
is made of a suitable material, inert to the used electrolyte. 

In some embodiments, the connecting surface may have one depression in which a 
gasket may fit. Here the gasket preferably is a ring shaped gasket made of a suitable 
elastic material. In other embodiments, a gasket may be placed over a portion or over 
10 the complete connecting surface. In the latter instances a flat gasket preferably is used, 
and the connecting surface is provided with one or more elevations and depressions to 
improve liquid and gas tightness. 

In embodiments for high pressure, the gasket is a flat ring made of a synthetic 
material, and is pressed between the milled surfaces of two neighboring frames. Such 

15 ring-shaped flat gasket preferably is made of a suitable elastic and inert polymeric 
material such as polytertrafluoroethylene and has a uniform thickness in the range of 
0.2 to 1 mm, preferably about 0.5 mm. It preferably is sized equal to, or slightly 
smaller than the flat surface of the ring-shaped frame. In the latter instance the gasket's 
outer side lies within a small distance of the outer side of the frame, for example 2 

20 mm. Preferably the flat gasket covers the surface formed by the elevations/depressions 
in the ring. 

Preferably, and in particular in the executions for high pressure applications, the 
elevations/depressions cover about the whole connecting surface of the holding frame, 
preferably except for a small section at the outer and inner rims of the holding frame, 
25 in particular ending at least 2 or 3 mm from the holding frame's edge. In a particularly 
preferred embodiment, a series of elevations/depressions is positioned concentrically 
around the conduit openings. This embodiment allows an even more effective closure 
of the rings. The distance of the outer circle circumscribing the surface covered by 
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these concentric elevations/depressions to the outer rim of the conduit opening is 
about half the diameter of the conduit opening. 

The frame may have a varying thickness (i.e. distance between the two connecting 
surfaces of the ring). For example it may be in the range of 0.2 to 1 .5 cm, in particular 
5 of 0.4 to 1 .0 cm, preferably about 5 or about 6 mm. 

In case of a high pressure electrolyser execution, the shape and dimensions of the 
holding frame are preferably selected to ensure high pressure electrolysis on the one 
hand and spontaneous convection of the electrolyte on the other. 

The holding frame may have one but preferably at least two relatively small 
10 cylindrical shaped openings, herein also referred to as conduit openings, preferably at 
the bottom portion of the holding frame. In each holding frame, one bottom conduit 
opening is connected to the electrolysis chamber via a small cylindrically shaped 
connecting channel. In some embodiments, the holding frame may have two more 
similar conduit openings, which preferably are located at the top side of the frame. In 
15 each holding frame, one top opening is connected to one internal degassing chamber 
via a small cylindrically shaped connecting channel. 

The holding frames will be arranged such that all the conduit openings are positioned 
next to one other thus forming conduits leading throughout the electrolyser module. 
Therefore, the conduit openings should be positioned in the connecting surface of the 
20 holding frame. 

The said connecting channels should preferably have a small diameter, e.g. in the 
range of from 0.5 to 5 mm, more particularly from 0.5 to 3 mm, for example 1 or 2 
mm. Preferably, the diameter of the connecting channel for electrolyte should be 
larger than that of the connecting channel for removal of gasses. In particular 
25 embodiments the diameter of the said conduits is about 1 mm for the connecting 
channels for gas, and about 2 mm for connecting channels for electrolyte. The length 
of said connecting channels may be in the range of from 1 cm to 4 cm, in particular 
from 2 cm to 3 cm, e.g. 2.5 cm. 
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In high pressure electrolyser executions, the distance between the rim of said conduit 
openings and the outer wall of the opening forming the gas or electrolyte conduit, and 
the outer wall of the ring-shaped frame is such that the material can endure a pressure 
gradient, e.g. a pressure gradient of at least 200 bar, said distance for example being at 
5 least 1.5 cm. 

The holding frame further has a relatively larger opening which usually is circular and 
which forms the inner part of the electrolysis chambers. The diameter of this larger 
opening may vary depending on the desired volume of the electrolysis chambers and 
hence the scale of the electrolysis process. In a standard electrolyser module for 
industrial application the diameter of this larger opening may vary between 5 and 200 
cm, in particular between 10 and 100 cm, preferably between 20 and 80 cm. Useful 
diameters are e.g. about 14, 20, 36 or 80 cm. The size of this larger opening often is 
expressed in terms of surface, i.e. the surface circumscribed by the larger opening. 
Expressed in this manner, particular inner sizes may vary between 20 and 10,000 cm , 
in particular between 100 and 5000 cm 2 , more in particular between 150 and 5000 
cm 2 . Useful sizes are those of about 150 or 300 or 1000 or 5000 cm 2 . For compact 
electrolysers, e.g. for home fueling applications the size will be about 150 to about 
300 cm 2 . 

The said larger opening forming the inner part of the electrolysis chamber should be 
20 located preferably at the bottom portion of the holding frame, it should be located 
lower than the openings forming the degassing chambers. 

The distance between the outer rim of the holding frame and the rim of the larger 
opening forming the inner part of the electrolysis chamber may vary but should be 
such that there is enough material between the outer wall of the holding frame and the 
25 wall of the larger opening, e.g. at least about one cm. Where the frames are meant for 
use in a high pressure electrolysis module should at least be such that it can resist the 
internal pressure of the module, e.g. it can be at least about 5 cm, more in particular at 
least about 7 cm, e.g. about 10 cm. 
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The holding frame additionally has at least one additional larger opening that forms 
the degassing chamber. The latter is connected to an electrolysis chamber and receives 
the gas-electrolyte mixture that is generated at the cathode and respectively the anode, 
e.g. in the case of electrolysis of water, a hydrogen-electrolyte and respectively 
5 oxygen-electrolyte mixture. There may be two types of degassing chambers, each for 
one gas-electrolyte mixture. In such executions there is a series of degassing 
chambers, which should be connected. Preferably there are two such openings so that 
upon stacking of the frames the two openings are positioned next to one another thus 
forming two continuous degassing chambers from one end of the electrolyser module 
10 to the other. These continuous degassing chambers receive the gas electrolyte mixture 
that is generated at the cathode and respectively the anode. The two degassing 
chambers therefore can be referred to as anodic and cathodic degassing chamber. 

As mentioned previously, the opening or openings forming the degassing chamber or 
chambers should be positioned higher than the opening forming the electrolysis 
15 chamber. The opening or openings forming the degassing chamber or chambers may 
be positioned completely above the opening forming the electrolysis chamber, but this 
is not a requirement. At least the center point of the opening or openings forming the 
degassing chamber or chambers should be located higher than the center point of the 
opening forming the electrolysis chamber. 

20 In each holding frame, one opening that forms a degassing chamber is connected to 
the opening forming the electrolysis chamber via a small channel that preferably is 
cylindrical. In executions with two degassing openings, only one is connected the 
other not. The gas-electrolyte mixture that is formed in the electrolysis chamber 
migrates through this channel to the degassing chamber where the degassing occurs 

25 and this channel additionally allows the degassed electrolyte to run back into the 
electrolysis chamber. 

The size and shape of the openings that form the degassing chambers should be such 
that adequate degassing process can occur. The shape of these openings may vary, it 
can be circular resulting in a cylindrical internal degassing chamber, ellipsical or of 
30 any other shape. Rounded shapes, i.e. shapes without comers are preferred. A 
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particular preferred shape is such that a maximal internal volume is created within the 
ring-shaped frame. The shape in particular is more or less 6 lung' -like as pictured in the 
drawings accompanying this description. The size may also vary but typically the size 
of the opening forming the internal degassing chamber will be larger than that of the 
5 opening or openings forming the electrolyte conduit or conduits. Preferably the size is 
selected such that the volume of the degassing chambers is about equal to the volume 
of the electrolysis chambers. 

The internal degassing chambers are connected to a storage tank outside the 
electrolyser module. This connection can be for example by a channel in one or more 
10 of the frames that leads to external piping, which is in connection with the storage 
tank. In a preferred execution the holding frame has two more openings forming two 
additional conduits throughout the electrolyser module, which conduit openings are 
connected to the openings forming the degassing chambers through small channels. 

Thus in preferred executions, there are four smaller openings forming conduits, and 
the center of each such opening may be more preferably located on an imaginary circle 
concentric to the outer rim, and the openings may still more preferably be positioned 
symmetrically. In these executions, each holding frame has two upper openings and 
two bottom openings. The top openings serve as conduits to remove the gasses that 
come from the degassing chambers. The bottom openings serve as a conduit for the 
supply of water or electrolyte. 

In particularly preferred embodiments, a holding frame has two top openings of which 
one is connected to one degassing chamber and the other to the other degassing 
chamber and two bottom openings of which one is connected to the inner rim of the 
ring, the openings being positioned symmetrically on the ring and wherein the 
25 openings having the small conduit connection are positioned at the same half of the 
ring. This particular embodiment of the holding frame allows stacking with only this 
frame type. 
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The conduit openings are circular shaped having a diameter in the range of from 1 .0 
cm to 3.0 cm, in particular in the range of from 1.5 cm to 2.5 cm, for example about 
2.0 cm. 

The ring-shaped rings are stacked in such manner that all conduit openings fit 
5 precisely on one another thus forming a channel which passes through the whole of 
the electrolyser module. 

The outer diameter of the holding frame depends on the size of the openings in the 
frame, in particular of the size of the opening forming the inner part of the electrolysis 
chambers and of the positioning of the various openings in the frame. 

10 The holding frames preferably are made of a suitable polymeric material that is inert 
to the electrolyte, and more preferably is a thermoplastic material such as 
polyphenylene sulphide, polyphenylene oxide and the like and in particular 
polysulphone. The holding frames may be manufactured by conventional molding 
techniques. Thus, the holding frames are preferably formed with unitary or integral 

15 bodies. 

In the high pressure electrolyser modules, the distance between the outer wall of the 
holding frame and the rim of the various openings in the frame, must be sufficient 
such that the section of the ring covered by said distance can endure the pressure 
gradient between the inner space of the electrolyser module and the atmospheric 

20 pressure outside the electrolyser module. The various openings comprise the larger 
opening forming the electrolysis chambers, the smaller opening or openings forming 
the conduits for water and electrolyte supply, the openings forming the degassing 
chambers and openings forming conduits for removing gas from the degassing 
chambers. In particular said distance is at least 1 .5 cm, more particularly at least 2 cm 

25 or at least 3 cm. In the instance where the electrolyser functions at about 200 bar a 
distance of about 2 cm proved out to be effective. 



When the openings in the ring frame are shaped and positioned in the manner 
described as for high pressure executions, quite unexpectedly it has been found that 
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the electrolyte-gas mixture is circulated in the electrolyser module and de-gassing unit 
by spontaneous convection, i.e. without the help of a pumping system. 

The compact electrolyser modules according to this invention may be used under high 
pressure. If set up as outlined herein they can resist pressures as high as 200 Bar, even 
5 up to 300 Bar. Pressures typically used to compress gasses such as hydrogen or 
oxygen, e.g. 200 Bar are quite feasible. This allows electrolysis under increased 
pressure whereby the gasses that are produced need not be compressed. This allows a 
more simple arrangement in that on the one hand a gas compressor and on the other a 
pump needed to circulate the electrolyte can be omitted. 

10 In still a further aspect, there is provided a high pressure electrolyser according to the 
invention, having a water-supply system, placed above a degassing chamber, 
comprising a vessel having an inlet for water and an inlet for pressurized gas that is 
tapped from one of the degassing units, and an outlet for water brought at high 
pressure into a pipe that is connected to one of the de-gassing chambers. The water- 

15 supply system has minimal moving parts and is placed above the electrolyser module, 
in particular above the degassing units. It comprises a vessel preferably made of metal 
and capable of resisting the pressure at which the electrolyser functions, having an 
inlet for water and an inlet for pressurized gas that is tapped from one of the degassing 
units. Water is allowed to enter the said vessel, e.g. by a suitable tap, and subsequently 

20 pressurized gas is entered. In this manner the water brought at high pressure and 
subsequently this water is allowed to leave the vessel, e.g. by a tap, into a pipe that is 
connected to one of the de-gassers, the water flowing into the de-gasser by gravity. 
The present system is simple, requiring no additional pumps thereby avoiding moving 
parts. The taps can be controlled manually or their functioning can be automated. 

25 In a preferred embodiment, in case of electrolysis of water, use is made of the 
pressurized oxygen that is separated in the oxygen degassing unit and the water-supply 
system is connected to the oxygen separating chamber. 
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The present electrolysers can be used in the production of various gasses, for example 
chlorine by the electrolysis of brine, or oxygen and hydrogen in case of the electrolysis 
of water. 

The following is a detailed description of the drawings meant to illustrate the 
5 invention and not to limit it thereto. 

Fig. 1 shows a cross-section of a high pressure electrolyser module according to the 
present invention. 

Fig. 2a is a front view of a ring-shaped frame with two openings for a degassing 
chamber. 

10 Fig. 2b is a front view of a ring-shaped frame with one opening for a degassing 
chamber. 

Fig. 2c is a front view of a ring-shaped frame with one opening for a degassing 
chamber. 

Fig. 2d is a perspective view of a number of ring-shaped frames with two openings 
15 for a degassing chamber. 

Fig. 3 shows a cross section of a number of connected ring-shaped frames. 

Fig. 4 shows a schematic representation of an electrolyser with two degassing 
chambers and a water supply system. 

Fig. 1 shows a cross section of a number of electrolysis chambers being held in frame 
20 1, being separated by membrane 2 to which the electrodes 3 are pressed. The 

electrodes are electrically connected to the bipolar plate 4 with a metal woven sheet 5. 

The frame has the larger conduit openings 7 on the top side and 8 on the bottom side. 

Conduit openings 7 evacuate the gas that is generated and openings 8 form a supply 

channel of electrolyte. Opening 7 is connected to the electrolyser modules inner space 
25 with the small connecting conduit 9 and similarly opening 8 is connected to the inner 

space via small connecting conduit 10. 
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A front view of the ring-shaped frame with two openings for a degassing chamber is 
shown in Figs. 2a and 2d, and the alternative execution with one opening for a 
degassing chamber in Figs. 2b, and 2c. The figures show the connecting surface 11, 
the opening for the electrolysis chamber 12 and the outer rim 13, the openings for the 
5 degassing chambers 24 and 25, the milled surface 14 and the top conduit openings 15 
and 16; and the bottom conduit openings 17 and 18. In this embodiment, top opening 
16 is connected to the opening for degassing chamber 25, whereas top opening 15 is 
connected to the opening for degassing chamber 24 by connecting channels 19 and 20. 
The centers of the four ring openings are located on concentric circle 23. 

10 Axis 21 crosses the center of the ring-shaped frame, said center also being located on 
the crossing of intersecting axes 22. The milled surface concentric to the ring 
openings 15, 16, 17 and 18 is represented by 24, the surface of the latter milled 
surface depending upon the distance between the outer rim 26 of the opening and the 
outer rim of the concentric milled surface 24. 

15 Fig. 3 shows a cross-section of the outer section of a number of holding frames 34 
with the milled surface 14 and the elevations 33 and depressions 32 giving the cross- 
section of the ring a saw-tooth aspect. 13 is the outer rim of the holding frame and 31 
is the gasket. 

Fig. 4 shows a schematic representation of the major part of a high pressure 
20 electrolyser according to the invention, wherein 41 represents the electrolyser module 
with the internal degassing chambers 43 and 44 and the higher placed water-supply 
system 42. The gas/electrolyte mixture that is generated in electrolyser module 41 is 
lead to degassing chambers 43 and 44. One of said de-gassing chambers, in particular 
the oxygen degassing chamber in case of electrolysis of water, is connected to a water- 
25 supply system 42, wherein water is pressurized with the oxygen gas coming from 
chamber 43. Pressured water of 42 is led into chamber 43 by gravity, hence no extra 
pump is required to supply fresh water. 

The above-described embodiments of the invention are intended to be examples of the 
present invention, and alterations and modifications may be effected thereto, by those 
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of skill in the art, without departing from the scope of the invention which is defined 
solely by the claims appended hereto. 



